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Bearing Capacity of Pile Foundations 
Xie Sheng-sun 
Engineer of Geotechnical Engineering, Beijing Electrical Power 
Design Institute, Beijing, China 
SYNOPSIS: This paper deals with the case histories abou t the bearing capacity of piles in an off 
shore thermal power plant, it includes:(!) The exploring of the site and the setting of the data in 
pile foundation design. (2) Static load test of inclined piles with deviations ranging from 3 to 10 
degrees from vertical. 
INTRODUCTION 
The geotechnical engineering exploration of the 
site of the thermal power plant was carried out 
befrlre construction to make certain of the bear-
ing stratum of pile points and the length, the 
cross section area and the ultimate bearing ca-
pacity of the pile. As the tilting of the piles 
was caused by poorly driving and by excavation 
of adjacents soils during construction, thus 
static load tests were conducted to determine 
the influence of tilting on the pile capacity. 
The results are presented herein. 
EXPLORATION AND DESIGN OF PILE FOUNDATION 
The site was explored by drilling, static and 
dynamic penetration and laboratory tests of un-
disturbed samples. The typical results of static 
cone penetration tests measured at different 
places where the boiler, chimney, coal silo and 
cooling tower will be built are shown in Fig.1. 
Laboratory test results are shown in Table 1. 
Based mainly on the data of static load tests 
conducted in 126 holes it was decided to select 
the bearing stratum of point bearing piles at 
about 20 m under ground surface. The bearing 
stratum was sandy loam with thickness of 2.2 to 
4.9 m, below which was sandy clay. The length 
of the pile ranges from 16.5 to 18.5m, the 
cross section area of the square pile was 1600 
cm2, and the ultimate bearing capacity computed 
by the formula (1) for various structures was 
listed in Table 2. Based on Table 2 and the re-
sult of static loading tests of vertical piles 
shown in Fig. 2, the designed ultimate bearing 
capacity of pile was determined to be 1600 kN, 
and the allowable bearing capacity of pile was 
800 kN. 
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Fig. 1. Results of Static Cone Penetration Test 
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Ultimate bearing capacity of pile 
Average sounding resistance 
Average skin friction 
Cross section area of the square 
pile 
u Perimeter of pile 
Depth 
Correction factor of sounding re-
sistance 
Correction factor of skin friction 
The correction factoro( . and (,1 .listed shown in 
1 I"' $1 
Table 3 and Table 4 respectively were given by 
Xie (Xie, 1984) 
TABLE 1. Laboratory and Field Test Results of Soils 
Number of I Soil Thickness Sounding Water Bulk Unit Void Plasticity Liquidity lroefficient 
I 
of Stratum Resistance Content Weight of Ratio Index ~ndex of Compressi 
Stratum Soil bility 
H qc w ; e I IL a1-2 p 
m HPa % kN/m3 HPa-1 
1 !Mucky Soil 4.0-14.4 0.3-0.7 38.5-48.9 17.9-18.4 0.92-1.19 10.7-15.8 0.96-1.80 0.44-0.78 
2 Sandy Silt 1.4-8.2 1.7-2.5 14.8-26.4 19.7-21.7 0.44-0.76 4.5-9.4 0.50-1.34 0.12-0.27 
3 Sandy Loam 2.2-4.9 4.4-6.0 18.5-24.5 20.3-21.7 0.51-0.69 6.7-8.7 0.74-1.15 0.12-0.26 






__ L._ _______ 
··--- '-----------'-------
TABLE 2. Test and Computed Results 
Buildings or Depth of Sounding Resistance, qc' in HPa Number of Point Bearing Skin Ultimate 
Pile Capacity in Friction Bearing·Capa-
Structures Point Mucky Sandy Sandy Sandy Experiments kN in kN city, in kN in m Soil Silt Loam Clav 
Boiler 16.5 0.6 1.7 5.7 3.3 74 450 1170 1620 
Chimney 18.5 0.5 1.8 4.4 3.0 11 370 1280 1650 
Coal Silo 18.0 0.6 1.7 6.0 3.2 14 450 1250 1700 
Cooling Tower 16.5 0.5 1.9 5.6 3.1 17 340 1080 1420 
Ash Handling 18.0 0.7 1.7 5.2 2.6 18 410 1210 1620 
(Loading Test) 16.3 0.6 1.0 7.2 3.5 1 490 1150 1640 
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TABLE 3, Correction Factor ~i 
Sounding Resistance 
qc, in MPa 
cXi 
< 1 > 1.1 
1 2 1.1- 0.8 
2 5 0.8- 0.6 
5 10 0.6- 0.4 
>to <o.4 
TABLE 4. Correction Factor (3· . 
Sl. 
Skin Friction 
fsi' in MPa 
<0.02 
0.02 - 0.04 
0.04 - 0.10 





1.0 - 0.5 
0.5- 0.4 
< 0.4 
LOAD TEST OF PILE CAPACITY FOR INCLINED PILE 
During construction of the project it was 
found that among 1200 piles of the boiler 
foundation, the piles with deviation from 
vertical less than 3 degrees accounted for 
80%, those from 3 to 7 degrees accounted for 
15.5%, those from 7 to 9 degrees accounted for 
4,0%, and those about 10 degrees accounted for 
0.5%. In order to determine the decrease of 
pile capacity due to inclination of the pile, 
static load tests were carried out for the 
selected four piles. The results are shown in 
Fig.2, Fig.3 and Fig.4. 
a. The deviation of 3 degree from vertical 
The results for the concrete pile No.1 are 
shown in Fig.2,Fig.3 and Fig.4. When the load 
was increased to 800 kN, the vertical settle-
ment and the horizontal displacement of pile 
cap were small, but under the load of 1600 kN, 
the vertical settlement reached 21.5 mm and 
the horizontal displacement 6 mm. From these 

















o .1 (3 degree) 
lo.2 (6.5 degree) 
o.3 (7.1 degree) 
o.4 (10 degree) 
'o.5 (zero degree) 
rio 2 




"' j.J OJ 
0 
Load on pile cap 
500 1000 1500 kN 
~ 20 ~--------+---------+---~----~--1 ~ No.1 (3 degree) 
.~ No.2 (6.5 degree) 
~ No.3 (7.1 degree) 
~ No.A (10 degree) 
Fig.3. Load - Settlement Curve of Piles 
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Load on pile cap 
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Fig.4. Load Horizontal Displacement Curve of Piles 
b.The deviation of 6.5 degree from vertical 
See the concrete pile No. 2 in Fig.2, Fig.3 
and Fig.4 • Under the load of 800 kN, the ver-
tical settlement and horizontal dis~lacement 
of pile cap were small, but under the load of 
1500 kN the vertical settlement and horizontal 
displacement increase obviously. Compared with 
the ultimate bearing capacity determined for 
the vertical pile, the pile capacity decreased 
by about 10%. 
c. The deviation of 7.1 degree from vertical 
Under the load of about 1100 kN the vertical 
settlement of the concrete pile No.2 reached 
19.3 mm and the horizontaldisplacement reach-
ed as large as 41.7 mm. Compared with the 
ultimate bearing capacity determined of the 
vertical pile, the pile capacity decreased by 
~ about 30%. 
d. The deviation of 10 degree from vertical 
For the concrete pile No.4, when the load was 
about 400 kN the vertical settlement was only 
6.8 mm, but the horizontal displacement reach-
ed 20.2 mm. Then the test was stopped and the 




The following conclusions were obtained from 
the static load tests. For the piles with de-
viation less than 3 degree from vertical, the 
requirements of the design were met. The de-
viation of 6.5 to 7.1 degree from vertical de-
creased the capacity be about 10 - 30%. The 
deviation of 10 degree from vertical decreased 
the capacity by about 80%. 
The results of static load test prove up to the 
hilt that static cone penetration tests could 
be used successfully to select the bearing 
stratum for piles and to determine the length 
and the cross section area of the square piles 
and the ultimate bearing capacity of pile. 
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